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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining 
method capable of cutting a machining object without developing a 
crack, deviating from the predetermined line for welding or cutting 
on the surface of the machining object, and accurately. 
SOLUTION: A reforming area is formed in the machining object by 
radiating a pulse laser beam L onto the predetermined line 5 for 
cutting under the condition of causing multiple photon absorbtion, 
and making a condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 along the 
determined line 5 for cutting, the machining object 1 can be cut 
with a comperatively small force. Since in the irradiation of the 
laser beam L, the pulse laser beam L is scarcely absorbed on the 
surface 3 of the machining object 1 f the surface 3 is not melted, 
caused by the formation of the reforming area. By adjusting the 
position of the condensing point P of the pulse laser beam L in the 
thickness direction of the machining object 1 , the position of the 
reforming area in the thickness direction of the machining object is 




controlled. 
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(C) CDf&i£*<5 0fS. HQ ft (NA) tfO. 5 5(Dig^ 
T'fc^o t~^/^-^10" (W/cm2) gjg^t> 
^DX^^O)^^|c^^^<7X7K^ KA<*±L. t°— <7 

[0 0 3 0] $ClZ^ ^j^^lC^^U-if^XlCfc^ 
tv ^^^^^^lZ<fc^jtaX^feO)«»T(D>^- 

XAicourigs-iii 1 1 &m^xmw?z>o meiz^ 
-txviz^ ^^^m<±c^^xmji^m^<o^ 
mzmft&PZ'&fr-ex u-if^L^^x^^n izmm 

L r «J Br 2 ? S ^ -<> -3 r ttSP Iz 0 =5 V O 9 * ff2 

^iic^^jta^tL^ciinz^y^st-^ig^^fc^o 

[ O O 3 1 ] ( 2 ) »S^36^1teffll^J|E(7)«^ 
U-if3fe51SlX^^ (fflTLf^yaX^^^ft^f* 

x i 08 (W/cra2) UJLJiTr^o/^;ux*g^T/is 

&fti L wmz&^xmmmzmi&ztiz> 0 zcDmmiz*. 
^jmjinML^o^mzfBmmmm^mf&^H^a 

fz^tt^5z^t,T^^ 0 o^y. m*.\*. mssts 
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'J a >^^«^<Dig^. *»ffliS«iafi«!l 
ffltLrii. 0Hx.l£l x i 012 (W/cm2) "C:fc£ 0 /tH, 

[oo3 2] *f£H8#f;Ju vu=i>^x/\(D^a-e^ia 
g4^r>f) to 

(B) U— tf 

: ¥3H* U-1f Eb jgNd : YAG U-+f 
: 1 06 4nm 
U— If^X^^ hlffMI : 3. 14xlO"8cffl2 

&mmm : ox << v ^/ ^ux 
mjmLm&m : i ookHz 

/^UX*I : 3 Ons 
fcti^J : 2 On JS/Ol,* 
U— if 3fenaH : TEMoo 

**f*tt : BUMBI* 20 

cc) mitmis^x 

NA : 0 . 5 5 

(D) 4ox»*«a36<eB**L-5ite^co8ase : i o 

[ O O 3 3 ] m 1 2 I*±IB^^r (D U — IfilDXICcfc lj ^ 
H£l 3Mf2j£2;KTl^o JzgB3M*lc«*:yj£j££ 30 

[ o o 3 4 ] i 3 a^^q&i&lc^ y 

U a >Sfia>J¥*ttft< 5 O jf ou 10 0//DI, 2O0/ittu 
500p, 1 000/ira(D«-^lCOL\r±saBI«^L 
fco 40 
[O O 3 5] tflxfS. Nd:YAGU— •*ffD&&V&Z 10 6 
4nm|z^L>T. i> y =i >«ffi<0j?^ri< 5 O O // ra^lTO) 

It^C^AW^o 01 2tZ^^"->U=J>Ox/\1 1 
0)J?£l±3 5O/im-CfcS<D-e. £3fc^q&ifcfC 

1 7 5//m0)^fZ^$tv^o C<Oig^<DS^fi. 
Jl£2 0 0/*m<D^y a>Ox/\£##|i:-f 9 0 
<H>Vl±%:<DX-. *f 5fc*< v'j3>-!7i/M lOX^gPT* 

©flx^fta^iififrT-fcy; «5i:/u^sM-r^o cod so 



-tit v'J3>Oi/\1 i (owgp-eu— *f3fcrt<i&ilX£ 
tit, }§Si*&S^i£;6<vU =i>Ox/\1 KDrtSJlc^fig 

1661 (2000^4^) 
[0 0 3 6] v'J =3>Ox/M±. S»HffiSffiJC£ 

y. «*Mrc«K**L4 0 vu^v^i/^aiigi 

x*fr£«g ic * a<ep jta * *i z z t iz £ y /fcg-r £ fc 
£«, fcfc. glM&attttfr&i'U =3>Ox/\coa®<ba 

[ o o 3 7 ] ( 3 ) %£1Bi«*<Bff VXttfiBttOttd- 
u— if3fc*UPX*J*1jB (M^(^7X) a>M»lc««jA 
fcfctrfrT* **jSlcfelt*«#aK^1 x 1 08 (W/c 

/^x4S£«tf>-c)a< LT\ £#^&iix£jtax&t^cD 
flange ^TqR^lc^^x^ju^— 

jc^;u^-iz^ki±-rrc. jtax^^<ort^ic(*-r^> 

KfitirLTI*. «^I^1 x i 0^2 (W/cra2) "Cfc^o 

1 nsJaT*<#* L < . 1 psUlT/)<* (c 
#£Ll\, ^^qRiiXlc^^sef^^bl@ia<D^I±. 
«x.Ii..«4 2@u— 1f»lnxW3£*ltX* (19 9 7 
11fl) 0)11051-1611110 T7iAF» 

K««S***»ittl3j:y^LT^*.- fit, *H 
JtMltlBi»**(D**Sfilc6lt4 U— If *<DJK* 

[oo3 8] c<o(4M©mir3ot>r^^^^fiiiE^«jc 
ift^-T^o @i 4ii v *H!6^ffiiz«^u-iflnx^a 

^3fc£rijtax*taft i a)/<ix if 3feLa>a® (Alt 
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[0 0 3 9] 01 5I±01 4fC^taXft#^ 1 <Dgfl# 

frt>&m3Rifmm2 iicism*t<7^£9 i*<a»iz io 

fc-. «^rilnxajfc«Bia)ff^it»M*#L^Jt*. s 
9 1 i:$I3 (Si2 1) 

M^iru^o ^ot, ifinx&T&icinx 

[0 0 4 0] 0 1 6 (£01 4^:l5]«[C*3IS£ff^|C^^ 20 
U— if JtaX*j£ £ ix-C J£i£ £ *Lfc <7 ^ ^7 9 

trttx»*ftia>«aHT?*-& 0 01 eiz^v^^? 
W9tt, /^ux U-iWfeLCDJIl** tmx»f«|| 1 <D 
Jp:^7jfSJ^fct>Til^(7)^<D{iS<t US® (AttE) 

* «« 9 liJtax*t*«a 1 <Drta**a>S® 3 licMjfji 
So 017 (i0 1 6 ic^-rftJXfcff^J 1 <DfiP^»f®0t: 

^®3ic^c^ln(dt% mx#*» i sesizfflgf-r 

[ O O 4 1 ] ltd. inX»*Ltt 1 <D*® 3 IzB^TA-f 

-?^£fiOT9"J&v&£^'y£9_ 1 £jtaX*J^& 10) 
S®3&t/g®2 1^fS]|-^fi*i^4c^«Cj;y^ jtoX 

"»jw*.iA<«Bf**L*. ^77^9i<DaMfif£m* 

^^!y.^««9i:*ffi3©ffi«36<Jt«M*L^. 
^®3{giCfc^T^^9 1 <Offi«7jlSl(D-r*t^# 

eu SS3!=j&^£««ifflz9 7?*ai* 50 



9 Z&fiL-tZ tO^vO ffitt 9 3 icff^^ ttS o 

SH3i=a*u xib 3 ? erases i^Br 
[0 0 4 2] /<;uxu~-tf7feLco*7fe^^xjt 

-c£$o c<d«*; *579««9iiinx»**i0rt 

SP*<DS®2 1 «f=X*j£»;K«. 0 1 8&01 4<tHafi* 

*7 7*««9Sttai»ft» 1 <D»«Bl-e*« 0 0 

1 8JC^-rX^7J(pK0^^^^7|iJ^9(i. /^JUL/- if 

##«)<s«*"yaffi (Ajtffi) 3*Nt)i§uiiMicpajL 

* m& 9 £ Y$ft 73" ffla>*^^««9£ ttit »3E fit 
[0 0 4 3] lDX**jfctt1 36<«5Ltt*'*it^i/\<D» 

**««9.£»Wl=»*S*u ^**1»t 
■^^««9.i:Ytt*ft(D^^v^««9 35^*lcJnx» 
I^O)^^^^««9^Y|fc75lRl<D^^-!y^««9^A<Ii: 

s-r*tt»f3&«±c*o .itK"r*fflHf-ctt^^^^«j«9 

[0 0 4 4] CJtxC-SLT. 01 SlC^-T^a^x *0X 

9 co&s it Yta7j isi <d o 3 v o w& 9 o) ikm t & m& * 

H«9 ti}<mE:+Z><0£mC^£tfT'$Zo «fcor. an 

[0045] *$iS* Xtt73lSl(D^t/^fiJa9XtfYtt7j 
. H 0) * 3 ? ^ 9 <D 5 % ^ic Bf& * *V 5 ^ <7 =? v O WA 
9t*IC»***Lfc^7^^««9*y*aBff (Alt 

2 1«f=»ttf«i:. Xtt*iq<D«WffifcY*S7jIfiia)WK 

5 1> *««9 ^fi£^lc|Btt^^S/<;ux U— if 

* *tfc^ 7 ^ «« 9 f z J:' y ma * *l* . C 
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[0 0 4 6] C^fC^LT. &\Zfcf$.£1xZ>fj V 5 m 

« 9 £ fticjBja £ 4x * <7 => y o mm 9 £ tj t a® 3 m \z 

:= 7 V O mm 9 £ i<3- IC^-T «5 C t &X £ -5 o 
[0047] m_h^L/cJ:5lc. ^HJSJf^lc^jft 
l£. mx.ttg>ty<DEL&?5fo\zt$\+2>i,— +fJto>mit&<D 

x^feizts Ctz U-if *QXA<Wfi£<t 

.[oo4 8]-ftfe, ^M^cD^gM^-efr^ctic 

mvmmmmtmmxtmmv^ttfw >< 

— iftaxgg|coi>TifcE-r£o Si 9(ica>u-ifj!jn 
XgMl 0 0 0)«EBS«iiai3T*fc^o U— iffaXgglO 20 
Oli. U- !f*L**±-r*U— ?3fc3Sl O 1 U- 

1 O 1 -*fl»-r*U— tf*««»tt'l 02<br. L>— if#; 
L(DRIt^ffi^L^OU---*f3feL<7>5fe*4(7)|Sj^^9 0° 
^X^)<i:5(^S$*Lf-^-r^P-r ^/^S^— 1 0 3 

^^P-fV^57-1 0 3^S»**ifcU— tf3fe 
L^3fet"^*5tfflU>Xl 0 5<t. JH3fcJ8L/>Xl O 
5 T*Sl5fc**l,/z U-1f*LA<ra|t Zix&jmJLZiMLty 1 # 
07i:, 61^1 0 7^X«b^fnl(C 
*£l&$1*£f::*6<7)Xi&X^— v 109ir, 1 O 7 30 

£ Xf6^(pj izfi^-T 3 YSW is] icgf® £ i± £ #>a) Yffcx 

^tl^HOCDX^— i; 1 0 9, 1 1 1, 1 1 3(D&%h$:M 

[0049] u-if 3fcfi i o i (i/*;ux u— if * £ &± 
^-5Nd:YAGU— IfTrfe^o U— tf 3fe^ 1 0 1 fz^tx^c 
£tf-e#3U— if£LT. CLOXfe. Nd:YV04U— +f^Nd: 
YLFU— if^*>if;?T^7'U-ifa<fc& 0 0=7^*? 
fl«^»»«l31II«$^jiE^-§a^. Nd:YAGU— if. N 40 
d:YV04U-if, Nd:YLFU-if^fflt>^a)^»®-Cfc^ 0 

if zmi^<D*mmx'&% 0 mft&p<oxm®ij3fo<D& 

Wilt. toJLftgt® 1 £X(Y)f&X^— v> 10 9(111) 

irj:yx{Y)^isii-^i!j^i±^z^rc^yf75o zffi^ 
^(itoxa^1oa®3<tiExt-^^JS]3&:<OT?. fill 

§c <J:oT. ZttX^f— vl'l 3^Ztt^fS]fz^ifi^-a-^ 

z.tiz& y % jnisfs 1 a)i*3S?ic u— if JtKomit&P 
& : £tyitZZkib<X'$Z< t o£y. zft&x^-i^ 1 1 3 50 



fttt i <7>Ji^fa]ic^ixrJ¥^^(Dii@cfc y AStffi 

(^®3) lCi£t^{iSXIiJtt^iiMlZiill^Lfcy. f?«s* 
Hlpfcffl U>X 1 O 5 £Z|fc;frftf;:f£I!)2l±£ z £ ic£ o 

Tt. z4x^(OiSSy^u-if3fe(Dm3fe^^x«^<D 

X 1 o 5 jMnxajfcifc 1 <DJl^fS3ic^®j-r^ig^A<fc 
£<7>-e. anx*f&!$i i <nmttfa\zn\-YZ>js\3Ltt&Sto i 

[0 0 5 0] ::t\ Zlftx^~v!z£&jtaxtt#L#ia> 

»**0)*iB (Alt®) ^ftmirLrJtox^ifeicD^a 
3fe^P3b<Jtox^!fe 1 <DS®3fcfi:MLri>€)ttffi^^ 
U>X1 OSKfalfTz&mm+Zt. ^3fe^Pli*®3 
1 O^SPlzfcMt^^ifiMfiNz-efc^ (NfiU— if5feL 

ic^-r^jtax^fe i <DE8?2&-efe£) o cfcot, u— 

1f*Llz»-r*mx»** 1 a>®Sr*£#&LTZ$ax^ 

— v^ifi^-fr^c^iz^y. jfflx^^ i (omttfa 
icfcit^m^P^&M^^^c^^-e^^o 
y . **^po)inx»*«i i (Dmfrjj&\zte\+z>mm<» 
fil^Si (Alt®) 3^^juax$t^fe)i (OrtSP^-e* 

E1B (Nz) i:-r^o (Nz) £±!BE&M£ (N) 

r*^f ^c,biz^yf#^*u^aM (z) f£tf\ tox^ 

a)^gicm3fe^P^^^c<t3b<-e^^ 0 u— ifjtox 
^Siooii^^jc. i o -7\zmw£Htz1mJ:$i 

1 £ pTffi3fe«fc J: y K^^^fctf)lCpr^3feS€-^ 

&t/m3fefflI^>Xl O 5^:1^1: 3ta±(3ag*tL/cpTffi 

3t^(De-Ax^y 1 i 9£. ^#A^ 0 tf — ax 

3fy t/^ 1 1 9i:MfflU>Xl O Sircofellc^^n 

vo^— 1 o3/)<i£M$tiru^o 

^ 1 1 91*. pTffi5feSCDfi*5>^&ltLgy(D^^ 

M-r^Sffi^L^opr«^a)^(0iS]^^9 0 0 x 
[0 05 1] iftox^® 1 oott^q»rc % e— AX 

^J7^1 19. ^^P-<7^57- 1 0 



(10) 



$#§§2002-192371 



Ut/^SU>X1 2 3Jix.^ 0 iSfi&i^l 2UL 
TI£Wx(£CCD (charge-coup led device) * * ^7b*fc3 0 

10 3. t-AX^U7$ 1 1 9£^itU *5«U>X 
1 2 3T^S*^tI«I^1 2 1 "Oa»**U *§&T 

[0 0 5 2] U~1fj!lQXg®1 0 01**6^ 

£ JBLJiaJ 125^, u— Wmxgg i o o Umir 

&±»mWm~\ 2 7<h. ^E-£ 129^, £<f*_£ 0 s 
*«3Iffil 2 5I*. S^glCLT^ffl 
M1 1 7T^±Lfcpra5fea>^^A<«®3±«C^1t 

LTAt— vfilffiiSP 1 1 5A<ZttXf-v1 1 3£f£g] 

lcf£ 0 J:o-C\ ftft^r— ^fflSffll 2 5ttt-h7t 

■#L<D*#iSP*affi aictttK-T « J: 5 lc u— if Jnx3$« 
1 HJBSJitL^. .tot, jH^^r— £1*. **jSP 
zmm (Alt®) 3jcag*^^o)ic^^jtax»*isi 

<D-«-cfc* 0 JUST— 2 5i±. ffe<z>«*ttfj 

iHMt&ain-«att£*'r«. *t % a*?— «»■ 

flU 2 51*. aft^r— ^^SlcLT^®3(Dffi^0ii«^ 
cDlj^-x-^ -OHHST— S (*£{*fll»fli 

1 27l:^b^ £tt«aarc»afi&tf4:£*u ^E- 

* : 1 2 9(Z^f>^^, 0 C*UC£y. 1 2 9ClJMt' 

[O053] ±{*4Q»ffl-1 2.7|Ztt % - 

rI*Wl0 2 % «SJB5fc35l 1 7MXf-ySW 

i 1 sSMfB-r^ctiz^y, u— tfinxJSBi ooi 

^-'^ htLTSSI-r^o *fc* 1 2 7 

li. H2 0&tfH'2 itBRLfeSH (z) Of-^ 
a*A*>£*u IcMt£;h£ 0 o£y. ^ttflfliffli 2 7 
mxaftft i 0>Jl*AiSH3fciT4iiix»att<D«s 

12 7. A*r— v-MfBSP 1 i 5MZ^f-vl 1 3 

— lf5ta)^*^0)fiLM(iJDXjy^ i (DH^coeSrtT? 

H«"S*i«. *fc. @1 9St/i2 2^T. 
^Bl^^U—1fllDX^^|$i^-r^ 0 @2 2f*. CO) 

u-1fiHix^^^t-^fctoa)37a-^ v— ht'fe 
[OO 5 4] £t\ iHXSm^1<05tq&ilR^tt^@^L 



c^«(Du-if3feL^^-r^u— ifafe^i o 1 
-r* (si 01) o ^ir. aixaatttKDjss^aise-r- 
-60 »*o>»sie*&tfjpx»jfctt 1 <Dmvim&mzL 
t. *nxM^#j 1 <Dmi3ia<D»mm: u) 

(S10 3) o U-1f5feL<D^^P^jtaX»^ 
^1 <BI*SI::teS£l*£fc#)l;:. Anx*tf^1 <D^®3 
\z&WTZ ls-~-*f3tL<DmJt&£&mb Lfcjta'xSMMi 
10 1 (DZ^(Sj^i3bMr*fe^o o^y. aax**#*na> 

cD^lftl: (z) fi. 1di»J*i (Dff^fiilzasit^ln 
X^ttKDffl^M^B*©^— *0>-«-Cfc£o 
Pa>ttMriiaxft#^i <aj££. *m. iraxcojam (« 

x.r<aox»jfc»a>/\>Ku>^sa. »ai=«KT?# 
-5) ^?#jSLT^£-r^ 0 z(o»atfl)f- ^i*^t* 

2-7lCA***L*o 
[OO 5.5] jaXftfettll Jb- IfjtaXggl OOOS 

20 Rra***it*i*-ciipx»ft»i €anrr« <si o 

5) o aw*"n/=«BB^^^>5S*t?lnx»«»tti 
o)«i3«MXfi 2 1 ic*ya«-r«. c<7)S«t 
— s i£Wl&t—$ mm^ 1 2 5ic2it,4x^o c0itf 
-*«^t»«f--*fti»i 2 5i*aRffl*ai 

1 7<D^S3fea)^^*®3f^®t-^^5^^ J r~ 
**a(JW*" (Si o 7 ) 0 caXRja-?— imxfcf 

[0 0 5 6] C0)«jS^— SliAir— *?«f8ffi 1 1 51= 
30 &&h/«. A^r— vtWSB T 1 5(i. ZOifif- 
^IcLTZttA^— y1 1 3^Z$fi^fpI<7)^ili$-l±^ (S 
to 9) o Ctilcj:y. fi!gjf33te3£l 17(DRra3fe<DH 

k*<*®3iz&a-r$ 0 zaxf-yi 1 3 0ca)M 

(CfctxT. /^UAU— 1f5feL(Dm*^Pria®3(c(5M-r 
^C^(C^^, 0 ©ST— ^5Q31gpi 2 5fiS«-x 

ic^^ixt. «BrPS^ >r > 5 tdt;lnx» a» 1 

— *tt±fttt»»1 2 7£ftLT^E-* 1 2 9lC3lt» 

cjhicjzy^E-* 1 2 9fz«ef^^-r>5(*jfta) 

40 tt*B«3ft<»-***i* 0 

[OQ5 7] ^{*®|^Igpi 2'7IZtt¥AX7^-^S-1 O 
3 TfMJ*lfc«J}«8IHf^ji *<A^I **LT fc y . 

-©Sifilf- ^*<A^-v$fl®g5i l 5lz3l&4x^o 

*T—z>fflmm 1 1 5f*c:^aiMT-^fci-5iNT. 

1f*L0)*3fcjSPA<fllX»att 1 0)rtgpi:fe^{iM 
re. Zixf-y 1 1 3 fr* y*lnx»JMJB 1 SZ«i*fiiiz 

(s 1 1 1 ) 0 ^rz. u— if*a 101^6 

u— if*LS«±*-&r. if 5fcL£ ftixaafe ii 

cS3a)^3^^^>r>5!CffB^^ o 1f*L(D*3fe 

50 APttiDx»a* 1 a>rt«cttiLri^a)t,.»B» 



